This scoping report provides a roadmap for the identification, selection, and metering approach for the demonstration of retrofit high performance laundry system technologies in the hospitality and healthcare sectors. The desired outcome of this project is to increase the penetration of efficient laundry technologies in the hospitality and healthcare industries. This report identifies the efficient retrofit technologies to be demonstrated, the potential energy and water savings from a retrofit of those technologies, and the commercial providers of those technologies. An approach is recommended for the selection of candidate sites for technology demonstration and supporting data is included to assist in site selection. Further, approaches to metering and data collection are provided for determining the performance and energy and water savings of the technologies. In addition, recommendations are made regarding how to ascertain user and customer satisfaction.
Purpose and Outcome
The purpose of this demonstration project is to quantify the energy savings and water savings of commercial laundry wastewater recycling systems and low-temperature detergent supply systems to help promote the adoption of these technologies in the commercial sector.
This project will create a set of technical specifications for efficient multi-load laundry systems (both new and retrofit) tailored for specific applications and/or sectors (e.g., hospitality, health care). The specifications will be vetted with the appropriate Better Buildings Alliance (BBA) members (e.g., Commercial Real Estate Energy Alliance, Hospital Energy Alliance), finalized, published, and disseminated to enable widespread technology transfer in the industry and specifically among BBA partners.
General Approach
Demonstrations will be conducted at two hotels and/or healthcare facilities, each of which will have one laundry energy savings retrofit technology installed. Candidate technologies to be demonstrated include wastewater recycling systems and low-temperature detergents (including ozone systems), which are of interest to the U.S. Department of Energy because of their energy (and water) savings and potential widespread adoption in the hospitality and health care sectors.
1 In addition, water and chemicals savings and operator and customer (guest) satisfaction will be realized.
Over time, successful deployment and operation will demonstrate the long-term reliability and performance of these technologies. The market adoption of these systems will result in big wins for both end-users and manufacturers. Hotels and healthcare facilities adopting efficient laundry systems will improve their images and save energy, money, chemicals, and water. Manufacturers will develop better equipment and be directed by the strong market signal from the hotel and healthcare industries and particularly BBA members.
This demonstration project will:
• quantify the water-heating energy savings of the retrofit high-efficiency multi-load laundry systems
• quantify the total water savings of the retrofit systems
• quantify any detergent savings of the retrofit systems
• determine the life-cycle cost savings of installing the systems
• develop specifications for wide-scale deployment and market adoption of appropriate systems across the healthcare and hospitality sectors.
This project will be jointly undertaken by Pacific Northwest National Laboratory (PNNL) and Navigant Consulting, Inc. (NCI) with PNNL responsible for the overall management and coordination of the project. The project will follow a three-phase approach:
• Phase I: Select the technology platforms and the demonstration sites.
• Phase II: Determine the demonstration protocols and conduct the demonstration at the selected sites.
• Phase III: Prepare a final report that will present the results, recommendations, and conclusions. As part of Phase III, a set of technical specifications will be developed, vetted, and disseminated for wide-scale adoption by the industry and specifically for BBA members.
In addition to the overall management and coordination of the project, PNNL will be responsible for conducting one of the site demonstrations and producing a final report for one host site -targeted in the western half of the country. NCI will be responsible for conducting the other site demonstration and producing a final report for a second location -targeted in the eastern half of the country.
The project management plan, deliverable PNNL-FY13-04-01, gives a detailed description of the approach to be taken to complete each phase of the project, the deliverables in each phase, and the schedule for each deliverable. Stage gates (i.e., key decision points in the project) are also identified. In addition, the project management plan outlines the strategy for transferring this technology to the hospitality and health care industries.
Current Installed Baseline Technology
Commercial laundry equipment end-users span a wide range, including the following:
• Coin-operated laundries -Traditional laundromat facilities that provide coin-or card-operated laundry equipment.
• Multi-housing laundry facilities -Laundry facilities located in common areas of apartment buildings, dormitories, and other multi-family dwellings.
• On-premise laundries (OPLs) -Onsite laundry facilities in hotels, hospitals, assisted living facilities, universities, and prisons.
• Off-premise/industrial laundries -Large offsite laundry facilities that usually serve multiple customers and often replace OPLs.
• Dry cleaners -Professional cleaning establishments that use organic or other solvents to launder clothing and textiles.
This demonstration project will focus on equipment used in OPL and off-premise laundry applications. Typically, OPL and off-premise laundry facilities use multi-load washers and washer extractors, which are much larger than residential-style single-load washers. Equipment capacity can range in size from 35-900 lb of laundry per load. After cleaning, water is extracted from the laundry using high-speed spin cycles that produce forces on the order of hundreds of g's. (One "g" is defined as the acceleration due to gravity). Multi-load washers are built to be extremely durable to handle the large load sizes and the significant forces of the spin cycle. The equipment experiences high-duty cycles and must be durable enough to avoid frequent breakdowns. Figure 1 and Figure 2 show examples of typical multiload washers (Zogg et al. 2009 ). Large, centralized off-premise laundries combine the laundry operations for facilities such as hotels or hospitals. This reduces costs and helps facilities comply with local or regional regulatory requirements. In addition to using multi-load washers, many of these facilities also use tunnel washers. Tunnel washers, also called continuous-batch washers, are constructed as a series of compartments through which the clothing is continuously moved. Continuous batch refers to the continual movement of laundry through the washer, which is separated internally into batches, or compartments, that perform a specific portion of the wash process. A large internal corkscrew-shaped auger slowly turns to pull the laundry through the various compartments. Water moves in a cross-flow direction to the laundry and is therefore used several times before being discharged from the system. Most tunnel washers use a press at the end of the tunnel to compress the load to remove excess water. The compressed cakes are then transferred to the dryers. Some tunnel washers use extractors that spin the clothes to remove most of the remaining moisture before transferring the laundry to the dryers.
Tunnel washers can be as large as 8 × 10 × 40 ft and contain up to 20 compartments. Modern tunnel washers feature up to 100 programmable wash programs, remote diagnostic capabilities, and automatic control of chemicals in each compartment. Wash capacities are measured in pounds/hour (lb/hr) and capacities can range from 350-6,600 lb/hr (Zogg et al. 2009 ). Figure 3 shows an example of a tunnel washer. 
Efficient Multi-Load Washer Technology
Below is a description of the four efficient multi-load washer technologies to be considered for this demonstration project.
Laundry Wastewater Recycling
Laundry wastewater recycling is an add-on retrofit technology to improve energy and water efficiency in commercial laundries. The technology works by first cleaning, primarily removing solids, followed by disinfecting wastewater from the washers. The cleaned water is sent to a holding tank, where it is continually disinfected with oxidizing agents until it is needed for reuse, at which point it is further disinfected with ultraviolet light and sent back to the washers. A diagram of the process can be found in Figure 4 .
After the initial installation and startup period, systems typically require little maintenance apart from filter replacements. Wastewater recycling has little to no impact on wash quality, and can be used in all commercial facility types, regardless of the degree of laundry soiling. Water savings are typically 80 percent, while energy savings (due to decreased water-heating load) are roughly 53 percent ).
Facilities washing over 5,000 lb/day (10,000 lb/day minimum if using tunnel washers) are good candidates for a wastewater recycling retrofit. The system requires space for holding and filtration tanks and storage tanks, which vary in size and capacity depending upon the throughput requirements. Space requirements vary from 100 ft 2 for a small 15 gallon-per-minute (gpm) system to approximately 343 ft 2 for the largest system, which is capable of processing 250 gpm (Riesenberger 2006) . found that 70 percent of installations achieve energy savings greater than or equal to the expected savings and 89 percent found the water quality to be as good as or better than expected (Skumatz, 2007) .
AquaRecycle, Norchem, Wastewater Resources Inc., and Kemco Systems currently offer wastewater recycling systems.
Low-Temperature Detergent
Low-temperature detergents are an alternative to traditional high-temperature detergents that improves energy efficiency in commercial laundries by reducing the water-heating load. The technology works by using enzymes to remove stains, which allows for operation at roughly 120°F, rather than at the traditional 170°F. The reduced temperature results in energy savings of approximately 47 percent. After the initial startup period, in which the appropriate chemical mix is determined for the specific application, substitution of low-temperature detergent is typically invisible to staff and requires no maintenance ).
Many commercial and industrial laundry facilities may be good candidates for low-temperature detergent retrofits. However, low-temperature detergents may not be suitable for facilities that are required to use minimum wash water temperatures to ensure bacteria/pathogen destruction. Target applications are relatively small facilities such as hotels/motels, nursing homes, correctional facilities, and universities.
Low-temperature detergents are priced comparably to traditional detergents, so significant investment in the technology is not required. Moreover, low-temperature detergent works with existing washer equipment, without any retrofitting. As a result, the technology is market ready and easy to implement. Most commercial and industrial laundry facilities are good candidates for low-temperature detergent retrofits as there are no requirements for additional equipment installation.
Ozone Technology
Ozone technology can also be used in low-temperature applications. Ozone, manufactured from ambient air, is injected into the water. Once in the water, it reacts with insoluble soils, making them soluble, after which the mechanical action of the washing separates the soils from the fabric. Ozone also acts as a natural disinfectant, providing sanitization in colder water temperatures. Energy is saved with this system because the water is not heated for lightly to moderately soiled laundry. The reduced water temperature results in energy savings of up to 89 percent. In addition, up to 45 percent total water savings can be achieved (NCI 2008 ). An example of an ozone generator used for commercial laundry facilities is found in Figure 5 . 
Polymer Bead Technology
Polymer bead cleaning is a new technology currently under development. This technology uses the absorbent properties of nylon polymer beads to clean clothes. The nylon beads are added to the wash drum with a small amount of water and detergent to loosen the dirt or stains on the clothing. The clothes are tumbled with the polymer beads for around 45 minutes. The polarity of the nylon polymer attracts stains from the clothing. Under humid conditions, the polymer becomes absorbent. Dirt is attracted to the surface and then absorbed into the center of the bead. At the end of the cycle, the polymer beads are separated from the clothing through an inner drum/outer drum rotation process.
Research conducted in the United Kingdom has shown that this technology could reduce water consumption by up to 90 percent compared to a traditional clothes washer. Including lower temperature cleaning and reduced detergent consumption, total laundry energy consumption could be reduced by up to 40 percent. Figure 6 shows a polymer bead cleaning system. Table 1 summarizes the identified providers of each efficient multi-load washer technology described in Section 4. Sections 5.1 through 5.4 provide additional information about each provider.
Providers of Efficient Technologies

Laundry Wastewater Recycling
Four companies were identified that offer laundry wastewater recycling systems: AquaRecycle, Norchem, Wastewater Resources Inc., and Kemco Systems.
AquaRecycle offers a filtration and treatment system that provides clean, disinfected, and pre-heated water for multi-load washers. The system is pre-assembled and can be installed nearly anywhere in the laundry facility. In addition, it is fully automated and system performance can be monitored remotely. AquaRecycle claims its system can reduce water and sewer costs by 80 percent and energy costs by up to 50 percent (AquaRecycle 2013).
Norchem offers a wastewater treatment and water recycling system for commercial laundry applications through its ULTRAPURE product. All Norchem systems are custom and can be manufactured to fit into tight spaces. Norchem claims up to 85 percent water savings and over 80 percent energy savings (Norchem 2013).
Wastewater Resources Inc. offers an advanced purification plant for laundry graywater called the AquaTex Ultra. AquaTex Ultra reclaims, treats, and disinfects graywater and blackwater (Wastewater Resources Inc. 2013) .
Kemco Systems offers a ceramic microfiltration system that can recycle up to 90 percent of a wastewater stream. The system is compact and requires minimal maintenance. Appendix A includes the results of a case study of Kemco Systems' wastewater product (Kemco Systems 2013).
Low-Temperature Detergent
Two companies were identified that offer low-temperature detergent: Ecolab, Inc. and Norchem.
Ecolab Inc. is the most frequently used detergent company in commercial laundries. It offers lowtemperature detergents that work with existing washer equipment (EcoLab 2013).
Norchem also produces low-temperature detergents. Norchem claims to meet environmental regulations and reduce operating costs (Norchem 2013).
Ozone Laundry Technology
Ten companies were identified that provide ozone generators for commercial laundry applications: DEL Ozone, ArtiClean, Ozotech Inc., Aquawing Ozone Systems, ClearWater Tech, The Ozone Company, Envirocleanse, Ozone Laundry Systems, Ozone Water Technologies, and Total Ozone Solutions. DEL Ozone's Genesis series is designed for commercial OPLs. The fully integrated wall-mount ozone systems are designed for installation into new or pre-existing commercial laundry operations. DEL Ozone claims that the Genesis series reduces hot water consumption by up to 85 percent (DEL Ozone 2013).
ArtiClean Ozone provides ozone generators for laundry systems through its AW and AT Series. ArtiClean Ozone claims its generators can reduce hot water consumption by up to 95 percent (ArtiClean Ozone 2013).
Ozotech Inc. produces ozone generators for various applications. Ozontech Inc. provides commercial-, industrial-, and residential-sized products for laundry, wastewater treatment, and sanitizing purposes (Ozotech Inc. 2013) . Appendix A presents the results of a case study of Ozotech Inc.'s ozone generator.
Aquawing Ozone Systems offers custom ozone technology that can be retrofit onto existing laundry systems. Aquawing Ozone Systems advertises that its Aquawing systems save energy and protect delicate linens from damage. The system is equipped with patented technology to introduce maximum amounts of ozone to ensure adequate disinfection. (Ozone Laundry Systems 2013) .
ClearWater Tech boasts 200,000 ozone technology installations in six countries since 1986. It has been a leading innovator in a wide range of water and air purification. Along within installations, it has many patents pending on products it has innovated or invented (ClearWater Tech 2013).
The Ozone Company, started in 2005, has crafted its mission to save customers money and natural recourses by innovating ozone technology and developing new processes for disinfection. It has standalone and retrofit ozone systems available (The Ozone Company 2013).
Envirocleanse offers large savings on energy and hot water usage. It states a 90 percent reduction in hot water consumption, 30 percent reduction in water and sewer usage, and shorter drying times. The company's website details case studies associated with the stated savings (Envirocleanse 2013).
Ozone Laundry Systems offer technology that is designed to supply maximum amounts of ozone without sacrificing user safety. The company guarantees that the customer will be satisfied with the outcomes of the system, or the price will be refunded. The company's website includes several customer testimonials (Ozone Laundry System 2013).
Ozone Water Technologies' goal is to produce the most efficient ozone laundry system for the lowest price possible. The company is made up of professionals, project managers, and energy specialists who will tailor installations to each customer's needs to allow for maximum benefit at minimum cost (Ozone Water Technologies 2013) .
Total Ozone Solutions works as a leading supplier of ozone systems. It uniquely works with utility companies to achieve the maximum incentive reimbursement for its customers. Testimonials from satisfied customers are available on the company's website. In addition, case studies on the website show the energy and water savings realized by installing a Total Ozone Solutions ozone system (Total Ozone Solutions 2013).
Polymer Bead Technology
This technology is currently in development by Xeros Ltd. in the United Kingdom. According to its website, Xeros Ltd. has successfully concluded two field trials in the United Kingdom. One field study is in a commercial-scale dry cleaning setting and the other is in a commercial-scale industrial setting. In addition, development is ongoing to create prototypes for residential use. The company is open to exploring research and development partnership opportunities (Xeros Ltd. 2013).
Identification of Candidate Sites for Demonstration
As noted in the project management plan (DOE deliverable PNNL-FY13-04-01), at least two demonstrations will be undertaken. The demonstration sites will be geographically dispersed to take advantage of the location of PNNL and NCI staff. Therefore, one demonstration will be in the western half of the United States and one in the eastern half of the United States.
To assist in the identification of candidate demonstration sites, key characteristics of major metropolitan areas across the country were determined that would make a multi-load laundry demonstration attractive to the hospitality and healthcare industries. Major metropolitan areas were selected due to the greater number of larger hotels and greater number of healthcare industries, providing more options for candidate demonstration sites. Data on the following characteristics were acquired and entered into a Microsoft Excel spreadsheet (see embedded file in Appendix B):
• city/state • population • number of hotels • number of assisted living facilities • numbers of hotel rooms/population • number of assisted living facilities/population • electric utility company/gas utility company • water rate • sewer rate • commercial electricity rate • commercial natural gas rate • applicable utility incentives Those metropolitan areas where there has been a significant growth in the number of hotel rooms over the past three years are identified in the spreadsheet. In addition, references for all data and a tab identifying documents of efficient laundry case studies in hospitality and health care facilities are provided. This spreadsheet will be used to ascertain those metropolitan areas that have a combination of a large number of hotel rooms/population, assisted living facilities/population, and elevated utility rates (electric/gas/water/sewer). In addition, the servicing utilities and their incentive programs (if any) can be identified. With this information -and other key factors and attributes (see Section 6.1) -combinations of characteristics can be sorted to help prioritize those metropolitan areas (by east and west) where the team may want to focus for the best candidate demonstration sites.
Approach to Site and Technology Selection
The data in the spreadsheet will help the team focus on those metropolitan areas with characteristics that may make a demonstration attractive to the candidate host site due to energy and water cost savings and to the servicing utility due to incentives and/or other programs designed to help commercial customers become more efficient. These factors will increase the chances that demonstration sites can be secured. Participation by a servicing utility is important for a number of reasons:
• the servicing gas utility will be needed to provide assistance to install meters in gas lines for the metering (see Section 7.2
• either the gas or electric utility or both may have incentive or other technical assistance that could be used to help defer the cost of installation
• the utilities can also be a conduit for technology transfer though creation and distribution of fact sheets and case studies.
However, additional key considerations are necessary for securing the demonstration sites. Primary among those considerations is reaching out to the vendors/providers of the technologies to ascertain their interest in partnering in the demonstration 2 and in identifying candidate demonstration sites in those metropolitan areas selected from the spreadsheet data. The team believes that the technology providers are the best resource for identifying candidate sites given that their business model depends upon successful (and cost-effective) installations and customer satisfaction. The team will down-select from among the vendors listed above because there is not time to contact them all. The down-select will be based on discussion among the team, the service territory of the vendors, the match of technology with candidate sites (see Section 6.3), and vendor experience with the hospitality and healthcare industries.
Another key consideration is to connect with the BBA Commercial Real Estate Energy Alliance and Hospital Energy Alliance to discuss whether any of the BBA member hotels/hotel chains or healthcare facilities have experience with high-efficiency laundry and, if so, the outcome of that experience. In addition, the team can explore the potential for the BBA hospitality consortium to gauge interest by a member hotel(s) in participating in a demonstration. Lastly, BBA members can be a key conduit for transferring the technology upon completion of the demonstrations.
Site Participation and Commitment
Once candidate sites are selected (approximately two to five sites for each of the two demonstrations), contact will be made with the appropriate site (and possibly HQ) staff to gauge interest in a demonstration. The candidate site contact(s) may be identified through the BBA, through the candidate site headquarters staff 3 , through the technology provider, through the servicing utility or any combination of these resources. Initial contact will be made by phone and/or email, followed by a personal visit by PNNL or NCI staff. Once all candidate sites have been contacted and visited, the team will select the sites. An agreement will then be reached with the sites for the demonstration to proceed.
Key criteria for selection of the sites include the following:
• providing site access to PNNL, NCI, and equipment provider staff
• assisting in equipment installation and commissioning
• assisting, where necessary, in gathering data and monitoring per the proposed metering approach (e.g., detergent use)
• debugging instrumentation, if necessary
• collecting user/customer satisfaction information
• participating in documenting staff experience using the multi-load washers with the installed efficient system.
Matching Site with Technology and Vendor
It is desired, but not required, that two different technologies be demonstrated in this project. However, consideration will need to be given to the characteristics of the existing laundry facility in the sites selected for the demonstrations and the preference of the candidate site staff in the final selection of the technology for the retrofit at the site.
The sites will be large, multi-bed facilities with central laundry facilities that feature multi-load washing machines. The multi-load machines should be hard-mount style with sufficient access to the hot and cold water supply lines and hot water energy source (gas or electric) for metering equipment to be installed.
In addition, sufficient room must exist to install low-temperature detergent technologies or wastewater recycling systems. Ozone equipment is not large or bulky and can have many of the components mounted on the wall behind the wash line. However, the system should be located as close as possible to the multi-load washing machines because of the nature ozone as a disinfectant (see Figure 7) . Other considerations for matching the site with the technology are the cost of the retrofit system/system metering, taking into account any vendor or utility participation.
Vendor Participation
The vendor's participation will be critical to the success of each respective demonstration and will include, but not be limited to:
• providing the equipment 4
• providing guidance and oversight of the equipment installation • equipment startup and commissioning • ongoing troubleshooting support during the duration of the demonstration • validation and verification of performance of the equipment • removal of the equipment at the end of the demonstration. 
Candidate Municipalities for Demonstrations
Based on a review of the information in the spreadsheet, the following are candidate municipalities for demonstrations:
East (in no particular order)
• Washington DC
The final selection of the municipalities and candidate sites in those municipalities will follow the approach laid out above.
Metering
The following is a description of the generic metering approach for the selected retrofit efficient laundry system technology. A detailed metering plan that includes all metering equipment and the data collection strategy and data archiving will be prepared once the site and efficient system is determined. Photos will be taken of all equipment before, during, and after installation.
Candidate Site Retrofit System Assumptions
The following are assumptions for designing the metering approach to determine the energy and water savings and customer satisfaction with the retrofit system. These assumptions apply to any of the candidate retrofit systems.
• Both the existing laundry system and the retrofit system operate on standard commercial voltage (120/208V or 277/480V).
• The clothes washer equipment is multi-load, hard-mount style.
• There is access to, and sufficient room around, the hot/cold water supply lines to the washers for installing flow metering equipment.
• There is access to, and sufficient room around, the water heater(s) energy source (gas or electric) for installing flow metering equipment.
Metering Approach
The following is the metering and data collection approach that will ensure a credible evaluation of the retrofit system. This approach will include monitoring of all relevant system inputs including:
• Clothes washer hot and cold water use using real-time, in-line meters for:
-cold water volume flow and temperature -hot water volume flow and temperature -recycled water volume flow and temperature.
• Equipment energy use using real-time meters for: -electrical energy use for ozone generator -electric energy use for water recycling system (pumps/motors and other ancillary loads including controls)
-natural-gas 6 (or electricity) use for water heating -electrical energy use of washer(s) (capturing motor/pump/electronics energy use)
-electrical/gas energy use of dryer(s).
• Equipment total usage characteristics:
-Washer cycles (turns) for the monitoring period (tracked daily, weekly, or monthly).
-Washer formula selection. Some washers have ~100 different wash formulas controlled by a computer touchscreen for specific types of loads (e.g., sheets, towels, dark, cotton, white). Each formula will alter the washing characteristics (e.g., detergent, water temperatures, and time) and it is important to record these formulas for the pre-and post-periods of monitoring.
-Weight of laundry for the monitoring period. Many of the new multi-load machines automatically display the weight of each load and it is important to record this data for the pre-and post-periods of monitoring.
• Other/non-metered. The following will be manually recorded:
-detergent use -fabric softener use -other chemical use.
User/Customer Satisfaction
User and customer satisfaction is important to successfully transforming the industry to adopt and retrofit multi-load laundry systems with efficient technology. User (e.g., laundry system operators, facility managers, owners, and customer (guests)) feedback will be sought for both pre-(baseline) and postsystem installation. This includes, but is not limited to the following:
• Discussions with the laundry operations and maintenance staff and with the facility owner/operator regarding:
-Throughput -has the historical throughput of the laundry (pounds per hour or per day) changed pre-and post-system installation and if so, why?
-Ease of operation -has the operating characteristics of the laundry system changed pre-and postsystem installation and if so, what are those changes?
-Interface with existing equipment -has the complexity/ease of operation of the equipment (including any added equipment) changed pre-and post-system installation and if so, what are those changes and how have they impacted the overall laundry operations?
-Human resources -has there been a change in labor or maintenance requirements and staffing pre-and post-system installation and if so, what are those changes?
• Customer satisfaction will be determined through discussions with the facility's interface (e.g., owner/operator) with the customers (e.g., hotel guests) regarding cleanliness, smell, softness, other (to be determined).
Monitoring Period, Data Intervals, and Data Collection
The period of data collection should be in the range of 3 to 5 months for both the pre-and postsystem retrofit periods. Final durations will be determined by understanding any expected use variance over the study period.
All non-real-time metered data will be collected at intervals in consultation with the laundry operators and facility owner. Any data that can be collected from electronic and/or archived data (e.g., washer formula selection) will be collected at intervals coordinated with the laundry operators and take into account the data storage media characteristics.
All real-time metered measurements will be time-series in nature at 5-minute intervals. Water metering intervals will be revisited after specific meters are selected and be based on technology type. Data collection will be specified as remote enabled -pending data transfer communications availability. Figure 8 presents a typical metering configuration and equipment for ozone and water-reuse systems, respectively. A typical metering configuration for the system in Figure 4 would be similar to Figure 8 in that all water flow and water temperatures and the electrical use for all pumps, motors, and injection systems would be metered. All data would be collected by a central onsite data logger with remote data download capability. 
Wastewater Recycling
A hospital located in North Carolina installed a Kemco wastewater recycling system because of restriction in water availability and increasing water costs.
• Laundry wastewater is pumped from the facility to the recycling system. The water is then pumped back to the laundry's hot water system where it is sent to the continuousbatch washers.
• The recycling system provides up to 90 percent of the laundry water needs.
Crowne Plaza, Pentagon City
Ozone Technology
The laundry facility at the Crowne Plaza is comprised of three large commercial-grade clothes washers and three gas-fired clothes dryers. The washers are served by two 100 gallon condensing gas water heaters that are dedicated to this use. In March of 2011, the Crowne Plaza installed a laundry ozone generator and connected it to the three clothes washers.
• Early indications are this system is working very well. Laundry staff report detergent use is down by one-third, towels and sheets are cleaner, and hot water use is greatly reduced.
• The preliminary economic analysis showed an average natural-gas savings of 10.2 therms per day to be balanced against an average increase in electricity use of 6.5 kWh per day.
• Valued at recent costs of $1.10 per therm and $0.10 per kWh, the net economic benefit of this system is roughly $10.50 per day or $3,800 per year.
The Comfort Inn & Suites, Boston
The Comfort Inn & Suites Boston/Airport is located near Boston Logan International Airport and is managed by the Saunders Hotel Group (SHG). Ozone laundry equipment was installed at hotel.
• SGH has installed an ozone laundry system by Ozotech Inc. to conserve both energy and water. The machine is operated with cold water and the ozone acts as a disinfectant. As a result, SHG saves heat energy (by using cold water). The hotel washes guest room linens and towels with this system. • The ozone laundry system has capital costs of $36,000 with a payback of two years. The utility costs savings include a 25 percent reduction in water consumption, chemicals, sewage output, and electricity. There is an 86 percent reduction in hot water usage.
